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1/ 



urn*] mmm 

imm o&ffl ^-mimwR xf*<n 

A 1 x M y G a i-x-yN 

TtufSx&^y t±, 0<xsSl> 

x + y ^ 1 

A l a M b Gai_ a _ b N 

::t\ TttjfBMiiln ^>y^) B (#n » fc^fcS^Stt 

mm a RV? bit, O^asS K 

0^b< 1 > 
a + bsS 1 
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2/ 



t 

2] iffiSB&l <0®i±A 1 X G a i_ x N 

2$l«So 

[|f^3] luffitill <Ogi±A l x I n y Gai_ x _ y N^^i^ H?ffi^2 
Al a In b Gai_ a _ b N^^^ ttf|2^ 1 & W 2 <7)Jf<7)^& < t & 

[If^4] fulfill <DmiZ, A l x B y G ai_ x _ y N^f>^!9. fff|B^2 

(omit, Ai a B b Gai_ a _ b N^^i^ mmn iwm 2 corncob < ti>— 
itmm 5 ] mmm 1 comcom^mm, m 2 ©i^MtJ: ^ *>*s 

v^t i-^>W^ 1 XI* 2 Xtt 3 Xf* 4 fam<£>¥3*fctltto 

[»^6] BU ffiH 2 coM l* A 1 I(±A1 o&j&JtT^Tttrffi 

n i oil c^a^it in/j^v>it^tn m*^ 1 muo^mfcmw-o 
[i*^7] mie^3 com cornet, mmmi omom^^^o £/h£v^ 

[it^s s ] iu mm 3 oma. mmm 2comt m—^m^um^ 

lm^M9] fulfill 3 OSli, 0 . 5 ~ 5 n mOj?£ ^fili^ £ h & 

[fff^l 0] mWMBm\U S i N, S i 0 2 , A 1 2 0 3 , T i 2 0 3 , Z r 

im^m 1 1 1 mrfs^ y 7 7iit ttfis^ i Ru*m 2 com u m 
ti, wkommn i sy f i2^i^ffli:Moft^* < t & 1 o^tuf5^3 
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[if^l 2] mZ^?7Tmi~&tf2>1ftt^l (Dm^m^O. 5nm 
-50 nmRZfmmM2 <7)®<7>ff<^ 0 . 5 nm~~2 0 0 nmt^^i^ft 
b-r^mi^M 1 1 1 ov^-f ^^H|B»<7)#*#^fio 

< y-tm^^Bm^M-ft&^&^X (111) y^xUXfi (111)® 
Ml 2 <9V^*^'ifi«<7>^#^So 

[it i 4 ] Ttufas^M^wws g a n (amar y u a ) 

i, Al InN (M'fb'f >-v7A 7;V5-^A) Jf, A 1 G a N (SflStfD 
A 7^5-1^ A) flK InGaN 4 Jf, Ml 

InGaN (fW')^ -f>v?A A) «3&»kjfflR$*L;fc&<& 

•eiSCi: «r#^i:i-^Ii*^ 1M13 ov^-f tL^tcfB*0#«fl^*o 

[ft ^ 1 5 ] m)ffi#S#W{i> h 7 > * *5&1&ir&t:ib 

&m^m 1 jsm 1 4 ov^-r tL^ms«o#s#^So 

[it«u 6] itufe#s#f!±i^ nm^mm.yvy^** (hemt 

) ^Bj^i-^^^^m^^S#)l^^^^-^^#1t^^^lfMi^Si 4 

[it ^ 1 7 ] ti> ^;v-^^>?"^ mmm v ? 

wts* (mesfet) *r*j&^&tz&(Dmk<o^famfrhj&&zt*mm. 

or, 

y'j3>Xliv'j3 frhtiu* * & IDS . 

4b^5£ A 1 x M y G a i_ x _ y N 
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iit, Hu!BM(i N In (-iyy^A) t B (^n>) t^hMiK^fttz^ < 
t t> 1 IIOtc*. 

pffix&^yte, o<x^K 

0£y< 1. 
x + y 2S 1 

A l a M b G ai_ a _ b N, 
£ & 1 ®<7)7C^, 

liuffiaWb ii> 0<a^K 

0s£b< 1, 
a + 1 

mmw i t mzm 2<omt<?>m ^wm z 2 $ot <D^^wn\~t 
[0001] 
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5/ 



[0 0 0 2] 

mwrzmi] mm2 001-27437 

[#^»2] #112 001-24873 5^-<23fc 

^^IP^MESFET (Metal Semiconductor Filed Effect Transistor) ^m^# 
W)B.Y 7 >v**BP*>HEHIT (High Electron Mobility Transistor) $$©^NWfc 

, t7 7^f7^f)i^l6ittitO±l^ 500~600'CejEOJtRW'|g:ffloafe^iB. 

^W7o ) *^ltM^S:WSo 
[0 0 0 3] 

* fc, HEMT^«i-^i#^^(i, t77^ T^kjS&tt^^OJifcGaNt 

I±A1N#> P> j& £ ^7 7i*^U*K- y<Z>GaN#» <b & W^jtfr* BPt>f- 

•V * n^AlGaN^ «b j£ * ^iiltML, «T"ift^S K 
v - x Kv-f ynMRXfV- h mMZJ&J&lr & 0 
[0 0 0 4] 

^fcr-VM x co rr X h rt^ < & o fz Q 

£fz, t77^f T*^O^s^(± > o. 126W/cm • K $ T'H X <DW) 

ff^ttcOl&T^JSv^Co 

HK> GaN^HEMrCfc^ — JK:tcGaN)iO±^AlGaNS:«IB Lfc'vr n#it^ffl $ 
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tiX^&i)** GaN»0±lCAlGaNS:JSS$-*7t»^ te^Scfc* i9 AlGaN^co® 

N ft^^y-h jST^m ?> ti, k w > mm % ±i*n $ *t & z. t § & 

o iO-HiG aNi^iCA 1 G aN^fiL/:^TnM^lLf:G aN 
^HEMT^JMJ, 
[0 0 0 5] 

^^-Tf^cfeH L fcAlGaN^ \^>ffi.*)M&*cV>* 2> yj fpj Kl« < ^ tf J. 
V^feI#*i^^*TLI% ZL<Dlttb^ 2DEGCDS^iffiM&TU GaN»_t 
tcAlGaNlS Lfc^T-n^^^r-f^GaN^HEMTOflJ^f £ £ 

[0 0 0 6] 

A 1 x M y G a i_ x _ y N 

iftfSMfi, In {HyV^A) £B (#u>) tfrbmuztifc&tei 

0^y< K 
x + y^ 1 

A l a M b Gai_ a _ b N 
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HtrfSM(i I n (#u» tfrhMIRZfr 

ftjfSa&^b i±, O^a^l. 

0±Sb< 1 , 
a + b^ 1 

frwfi#st^;M 2 o&ffiizftv t\ $ i win 2 oeo«e#,to/^ 7771^ 
^ B B H ^-fi*Mx.TB:0^f^i-^ - asftan; * A^ft-g- 

L^L&ri*^ ilOlt LT^MxJfA 1 NIliA 1 G a Nl tM2 (DM t 
LtOfliifG zNmt^mzmmLX^mLfz^yyrmii, A 1 N3U£A 
1 G a Nl <h G aNmt<D^U^^m^2^^m^^m^ s M^fl^fzl6 

fflv^G aN^HEMT{:^^Ttt, #5fc<0 KW ^Sit£iif&*: ^ > ¥-7° 
GaNi (t^Ti) i:^^— 9-JS > V-7°A 1 G a NJf ) 

;>K-7*GaNi (W-T-^fS) ^ H^Pi £ «4> $ £ h ti& o 

ff «) P * ii u y 9 K - f L Tft&Jfrfb 3 ^ t5 s \ 

y ? 7) s #&& U tV^ * <7)# ttrt^bl" * o 
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^-v : 



8/ 



[0 0 0 7] 
[0 0 0 8] 

mm * rnvt-t & ^ # 

Jif5M®£MfeU ±ffigift£)i)rf &t^cd^PJ^ S^m^W^ 
fo%sg-$-2> ^m^mw -e * o r , 

lUffi^ 7 7SI4, 

A 1 x M y G a i_ x _yN 

£l &lS<7)7G*> 

HufBxm^yti> 0<x^l. 

0^y< 1> 
x + y ^ 1 

A l a M b Gai_ a -bN 

TtffffiMlil n (-f^v^A) tB (**n>) tfrbWMZti 

0^b< 1 > 
a + b^ 1 
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m ISIS 1 coS t tuf5H 2 coS co Iffl KK« $ tL J.o 2 ^tc <0§§&£#pf l]"?" 

(9 £.0 0. 5-5 0 nmOf$«:tUv^i30i 



[0 0 0 9] 

lt^2^i-j:9^ > itufSHl <OS£A 1 X G ai_ x N. pffSH 2 coS 
£\ A l a G ai- a NttSC:fc^-elSo 

f fc, fcjjcf-J: 9 Pfffi^l COS* A 1 X I n y Gai_ x . y NtL, 

TtufBiFl 2 COS ^ A l a I n b G a i_ a _ b N i U llffB^ 1 R 2 cOS<£>^& < 



ffc, i$I4i:^tJ:9^ (fulfill COS A 1 x B y G a ]_ x -yN t L, 
tuia^2coS*^ Al a B b Gai_ a _ b NtU fulfill 1 2 ©1©^* < £ 

* fz. If ^ 5 KTfi-t i 0 itufBH 1 C0«c0^^ifc«. m 2 COS CO ^T-^ 

coa^lb^tufS^ l coScoMUtJ: *) i/jN^v^h^l Lv> 0 
ffc, »^7^fJ:-?^ itulfiH3 coScoJ?^. fulfill 1 i 

ffc, MftfcE8fcjjrrJ:? ^ fulfil 3 COS 2 OS |^g-0#^#*ts|B|- 

* t& 3 coJi tt, Hi cos fcf2 cos tcop^ jcj^jS $«*r>yt H * T if 
, 2^#*<3f&£*&0KWfW't*o H3coS£fili omtm—^W&ti 



tfz, mi^9K^irX^iZ, ft|ffiil3<OS£> 0.5~5nm, i«904L< 
fiO. 5-2 nmcOff£ GOlfeii® fctSit#?SSo 

t mmn 1 0 k^-t i 7 m N mmmmits sin, s i o 2 , a i 203, 
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T i 2 0 3 , Z r 0 2 WT a 2 0 5 ^MIR£^7 , ^&< £fc lotf^itft 

**0. -5 nm-5 0 nm^^tufS^ 2 <^S<^l¥^^0 . 5 n m~ 2 0 0 n mt* 

ffif^ 1 3 fc^-f J: -9 fc. KHB2&&OH<HB^y 7 Ti^St^titv^ 
ffliJc03EM(i, 5 ^-^-e^1-|g H H H coM^-fS:^i3V^T (111) y>^bffiXi± 
(1 1 1) lS^?>-4JK^?> + 4JSSOiKfflT?ffiv»-cv^M"T?*&i bv^ 

o 

tit, m^mi 4 ic^i- i -9 HufflMfbtJm^tJ^##««, GaN (I 
fttfV^A) AlInN (Stffc>f >v^A T^-^A) AlGaN 

(Sft^PJ^A *A) InGaN (SW^A <i>WJ») 

1> Ml InGaN (Mlfc^f 1 ; 7 A <f>^?A r/l'S— JS^f^i 

^J&1-& fc#<0tt8co#*#* t U fufBiil 1 03E»fe£ v-xWM t U fltriB 

t it^ 1 6 j: 9 tufa^2g#f*ft&> nm^mm y ? 

* (HEMT) ^fM1-^7^i6<7)ttit^^#S^1"^>i^^-t:^^»o 
f fc. If ^JJE 1 7 K^-f «£ 9 fc. mrffi#S^Jt^, p**;v-*fe^3^y^ 

«fM>7>^^ (MESFET) z^mir&tz&<DmM<D^mfamtir2> 
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ftS** A 1 x M y G a i_ x _ y N 
t i> 1 a<7)7nli, 

ituffix2Wyi±, o<x^K 

0^y< Is 
x + 1 

A 1 a M b G a i_ a -b N » 

luffia&^b Ji, 0<a^l. 

0^b< 1 , 
a + bsS 1 

[0 0 10] 
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(2) # 3 0. 5 — 5 0 nm<^|EHlw|S5fe$tt-CV^O^ 

^ > v -7 a fijbt^b^W^f* (afb'f > v u a s^ffr£i»##f*0 1" 

flJxJfl nN, InGaN, AlInN, AlInG aNfttl n 
TCf Lt^-t *v>toa^ft Wittf, GaN, AlNft:Jt 

m K 4 > V V A %> Z. t K X o <h M4k^m^S#HJt t o n O w 

3S#Sfc<7)M twfeHi" * ^iMS^I* MS- KW±X%& 0 
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Jffi, B (?Kn>) 4vv\-y7 7iJ: *9 & y'J n>X(iv 1 J 3>flsW?> 
7 7ii: J;*U£\ y'J 3 >5Liiy y a >ft#*^t)j£«SSSfcMllf^ 

m^M 1 2 comn k x ^771^77 mm^± u 

#ff it Wffltt * A < 1" * £ t i>*"C i & o 

W^Rl 3^3&HJKJ;*Ui\ *tO±CAy 7 rSK^iti^^MM 
tiifc^iSo SP^, it(0±I«l7jli^ (111) y>7MIli (1 

11) ^t7M^f.Ot7^S^/jN$v^Ii:t^ii:iaot> ^^7 7iX 
W^cff^Jft^jftS^M^JS^^ T" -y T/EP^JE^- V^v -r '7 7^l(t- 

hXii^<f^ii:^ti^o * U (111) vmfrt><o*yMBt<o 

O^Uti, #ttojg:T*JS<Stt^^o £tUcMLT. it^iffi^ (1 1 
1 ) v> x h ®3U± * 7 ^I<D/Jn $ v*W 1 1"tL{i\ 7t'7 7°^>h $ < * i} , y 

III 1 8 Ol&Wt* £ ttf£\ ittOi^fiMf^^ilof.itMtl) - 
[0 0 1 1 ] 

m i ~H3 ^m^xx^mm%\(o%ymm\^^mtif') -7^^ 

tti§iE#2 004-3008993 
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[0 0 12] 

BIltC^i-^||P^<7)^10^W^J'#^HEMm, v 1 ; n>^t,|S5t^ h v- 
bEPt>*« 1 fc'*? 7712 tHEMT^T-ffl^^H^ 3 1 LTtf> V 

6 »I7W^Bo 
[0 0 13] 

^ 1 , SS^fet^MtJ tUB ( # n y ) f©3 Slot it mpIvV 
n>#.^ B H H ^ib^^o O/^'y 7re2^KS$tLTV^fiJ<7)±Ml a 

i±, 5 9-^m-e^i-|S H B H ^M^fi^i3V^T (1 1 1) y>^M-e*So 

#0x. if 1 X 1 0 13 c m-3~ 1X1 0 14 c m-3fIJgt:^ Y) . - <Z>3£^ 1 <DMf% 
m^ltmMm^HM., 0flx.t£ 1 0 0O • cm~~1000O • c mfIJ^"e&&o *^l(i 
. JfctfcftJ?v>i& 5 0 0 ^m<7)J?^£^rU ^#^3X^^77712^ 

[0 0 14] 

1 (^)-^0±M#^tIt^ i 3 KBEfiS 7 7 7i2li, »t<^ 

m i cos 8 t^i§:<7)^2 <z>m 9 h ^ tL^ (offish co^ 3 <os i o ttmrnzfrfc 

^HBCl*. A»;7 7i2li, 2 OlSOijll cog 8 2 0 TOU 2 9 
h 3 9131^^3 CO® 1 0 £W1~&o 
[0 0 15] 

n i (om 8 

Al x Gai_ x N 
iit\ x t± 0 < x 1 £ £ 

t £ tifzJtm^mmir2> A 1 N mitTfr ^ ~ «7 A ) **$1018 fcttffi $ tLT 
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iwa£v> 0 ii<7)i8 <7)^T-^tfc^ 2 o« 9 ^jfr^j&BU y)i>/}^\,*Zt 

j)*mt Lv^ 0 

[0 0 16] 

A7 77l2^1«l8« L^ff^Mi, 0.5nm-50nmEP*,5~5 0 
^ 1 OH 8 <7)Jf:^^5.0nm*®XL-?) fc > H 1 Of 8 ti2 Oil 9 t<DWf^fM 

^> i 8 t&m 1 1 offej^g^sfentcfeH Ltt 1 8 rt^^-t 

[0 0 17] 

|2(D19 fi, ill^it^ K - 7$ tit ^^v^ G a N (MftstP; ^ A 
) Xi± 

ik^ft Al y Gai_ y N 

y}3\ y<x. 
0< y< 1 

t^fi t^t^ W^t^S< i^lt|,^ 0 f 2(Oi9 t LtA l y G 
<y<0. 8 &StJ£"*-&teBP*> 0 J; *9 &7c£ (loo. 8 £ *) $>/b% 

lv\ 1 m 2 oil 9 oa i oMum, s 1 o» 8 oa 1 wa^jt £ 

^K^tt* y = 0 ic*!^ & G a N*»P>JS&o 
tfrfB^20« 9 Al y Ga i_ y N 

yliy<xS^0^y< 1 &$»J£-$-&$Hlfc, 

[0 0 18] 

i2 0«9WifiU^I±, 0. 5 nm~2 0 0 nmfiP*> 5~2 0 0 
7*Xfn-A^^ 0 i2<Di9Of^0. 5nm*iWCIi, 0 1 Oil 
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tO)*mW'%2>o i2^19<?)W2 0 0 nm?:i£^^> §2^19 

t m i 8 1 oa^-fr k <t & js^j^n^j^^i & tt, ^ 7 ? ? ^f&^-r & * 

Ii:^iL<li, H2 o« 9©ff^£fF§ 1 <7>S 8 ©)¥^ i Otc^ <ir&(Dtf£ 
v> 0 £ <D X o K^tUS, f l^)l8il2C0i9h O^SHS^ 1 <om 8 
ii^Kl fcO^SR^^cH^jBHtTll 1 8 &cf^1-£M©7C^ ££H 1 <7) 

[0 0 19] 

f 1TO2C018, 9(0ffi2IBO-€-*t-rtL^BB1l$fL"rv^ 0 ^omi^OMM 

LV^|£H<7)0. 5-5 0 nm#>f>S^£*Lfc 1 ~5 nmCf^ft^o & U 

1 O^^^tLTV^v^Hii, Hi ©18 h!2coi9 ^Arnt 
^ISWc: 2 ^cxfc^^Sri^JSSfrU ^> 7712 Oj£t/C^g:Tl-^o £*U- 
MLT, pM«&^£-^t>G aN^?))S5#3©l 1 0 ^1012^)18, 

IT-IS^fTlt^ 1 77712 0®#W&*lfi& < & & o i ©H 3©110 ©ff 
[0 0 2 0] 

K-y^Alo^Gao.sN^^^^^^^" 9 "* 1 2 itf^F*M&fc LXSi<D K-7°£ 
tLTV^nfMlo.2Gao.8N^^>^^^^« 1 3 £#L"CV*& 0 ^JB^W* 
flit 3 <D&m 1 1 > 12, 1 3 It&mttfV yAZ^-Xt Lfzmfttf'V 
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)i<m£*>W&Z£&X~%&$><D'?$>l), MxJi\ 5 0 0 nmom^&^ir&o B 
^T^T® 1 1 <DJiK®mZfotzX^— 1 2 Ii«x.if7 nm^JP^fc^U « 
■T^ftffrS 1 3 (D n W^Wm tltoyijn v^W^fr* l l «itf.5> it^- 

1 2 0_h^Ifi-g$tL/zB^«ii 1 3 it Vi—yfmm (nlW) 
^L/zmT-^m^^fS 1 1 iW^^t^ct, fl|x.lf 3 0 nm<7)J¥^£ 

^r-t^o v-xm^&tFFw >mm5i±m^mmm 1 3 

& 4 #0* KW >«M 5 t m^ftl^S 13t© K n f^^#«^>l«v^ n > ^ 

^ Mi^is^t^iii^T^^o s i o 2 & ?> j& h mmm 1 n^-mm^M 3 <Dmm 
[002 1 ] 

l±. y-^«fe4, 1^11 3, X^tfl 2, m^tfB 1 K 
til 2, m^ftltS 13. K W ^Il5«®tIWa^o ico«^-co 

[0022] 

21\ 0 3 (a) ^^i-pf^^w^A^^pM^ 1 ; 

^ffl^1-^>o ^y7Tm2*fmir2>m<Dl/V a zs&fc 1 <7)-77?)£® 1 
aii, ^ 9-^ifc-e^-ri^H H H OM^fi^43V^T (111) y>^ fi|J^IEIi 
& (111) M-e&£o L^U EI 3 Hisv^TO-e^l- (111) b®^ 
WLt- # ~+# -e^i-fgH-e*^ 1 OfE® 1 a *fil^*^ £ t i & o - 
# ~+0<?>$EBtt-4 o ~+4° »^L<{i-3° ~+3° •? , X 0 

v y rr 1 <7>±S 1 a OttS^itSr^ (111) v> ^ h ffiZti (111) 
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[0 0 2 3] 

s -k\z, 03 (B) C^tJ;M;lti<7)±Ila±[:, ^fc°^v^;w£Sj£co 
— ®-e*>^jg^nc7)MOC VD (Metal Organic Chemical Vapor Deposition 

) m^m&mik¥%mm&mz x^xa 1 N^^m^miom s tpiGaN 

^(bj£&iH3 co« 1 0 t G a N^f>jS5i2 com 9 ^ftlLt«if^iH: 

i; n >#i* h h h s* i^moc v vmw<D%jBm.\H U Z 1% 110 0 °Ct 

$IrtiCTMA (>'J^f^7;^^^A) ^ i: N H 3 (T^^e~T) £ 
&3 O&miM&LX, Itl^^±ICl?!f)5 nmcOA l NJBri*£>j£&& 
1 OH 8 «t^.o ^»J-C«« 1 ©MSS^ 1 1 0 0 °C t Ltzm-, 
TMA1f7,(DW\MM%A 1 <DiM&M:%$] 1 8 ,« m o 1/mi n, NH 3 2f^cOtffE 
»EPt»NH 3 <Dm&A%m0. llmol/mina/Co 
<fcfc, TMA^«^£i6t^t), TMG (hV^^^f'J^A) ^tN 
H3 (T>-=E — T) ^'^iiH^v^n^^^v^^.^-v^^v^A^XiP^C P2 
Mg#^£tt|£LTpM^if«i: LTMg£^trG aN^^»^l.i30l 10^ 
ff£ 3-6 nmcOfEH Kfmir^ 0 p M^»«M g K|5&$££ fl£ & <7)-e& < , 
MgM«2}|(07C^ ^Ix-lfZii, Sr, Ca, Be, Ba, Cd, Ra|# 

Cp 2 Mg^coft|t^#lliLT, Rj&^ftKTMG (h'J^f^^V 
^A) ^tNH 3 ' (T>-=e~T) t £&J3 OtrifttLT, |3?)|10 
cO-h®^, m~£%02 0 nmcOnff^cOG a N^?>^l)^2 COM 9 £^J&-f&o 

js^jgTtt^ tmg if 7. commn g a com^&^m 70^0 l /m i n , N 

H 3 if7ComM^%NB. 3 cOfftf&M^&jO. 1 Imo 1/mi n t Lfz 0 

m^, ^3 1 0 co±i l z^.x/m 1 cos 8 zifm-f&o 

^%W&WkX\±, A 1 N^^Jt^>^lc0S8 tG aN^£>J&&fil2<7)S9 tco-^t 
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*L^£2 OmmVMLXftZj&L, plGaN^f)t«5i3©lS:3 9ls!#|i7& 
LT^LfCo MitK HI, §2M13(018, 9, 1 0 *Z*i?K&1k<D®r 

[0 0 2 4] 

^fc, a'7 7 712 CD JiW i:Ji^MOCVD^:J:oTHEMT St^-Jlff^ 

EPt>, _tMic/^ 77i 2«M£tL7c*$a ^MOCVDSt^Rl&lrti: 

T^~T) :2fX& 1 O^ttftLT^-y 7712 <7>_hW^5 0 0 nm<7)J¥^ 

1 ^ff^i-^.o ^Mf^-efiTMG^XCO^»iP^ G a <7M±fc|&»£^ 7 0 /imo 
1 /m in, NH 3 « <7>#KMIP^ N H 3 (DWrfeM:*®) 0 . 1 lmol /m i nh 

[0 0 2 5] 

-rmT-^fS i o o_t®^# K-^EP^^mff^^^^#t >&v^a 1 0.2G 

2L 0 .sNfrhJ&2>X^-*rm 1 2 £ 7 nmCO)¥^^5FMi--5>o 
TMA^<7)«BP*>A 1 OTOi^|^j5. 8 ^mol/m i n, TMG^Oli 
1 7 ^mol /m i n. NH3^OSll:^0. 1 lmol /m i n t Lfz 0 
[0 0 2 6] 

^7>*^7^tS i H 4 (->7>) ^*ltfl 3 8#HMLT^^-ti 
1 2 <7>_tW^A 1 0.2G ao.sN^^i^-?)*^!^ 1 3^3 0 nm<75J?^~^ 
jg;1-^o ^H»Ut:-{±, iOB#<7)TMA^^<7)}5tLi?:^J5. 8 ^mol/m i n, T 
MG*"7«^1 7 ju mol /mi n. T T 2fJ* Ov£»^I!j 0 . 1 1 mo 

1 /m i lis S i H4#^(DvjfL*4r^2 1 nmol /m i n t Lfz Q 
[0 0 2 7] 

^-O^ ^mi$*&M3RZF^y 7712 <7)M:£ ftfc v V n l^MOC 
VDgf^^»)ffiU mn<7)7/7X^c VDl:J:otWii3^I(:y 
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[0 0 2 8] 

^yj-KX*), mm (Ci 2 ) ^ iK^r.H'n £ ffl v > KiStt w 

3 77712 o&^Ht^tt* v U 3 l t 

[0 0 2 9] 

7 t PJ V^7 7 ^ - i: 7 7f f t > f *f ffl Lt, I&tl7i: 

v-*mS4. *^i-^>o h*fe£^J&1-&H#^ 

Ti , Au (±) ZMMl-, V7ht7Lt'>3 7h^V7«ti: 

Mx*wmfrMLxm%MkLtz¥mfcmw: (hemt^7°) z^j&mt&o 

[0 0 3 0] 

^Ml^H E M T J; tUi\ «b 0 

(1) ^77712^11^)18 ti2(Oi9 fcOfflH2^c5n* : f-5?r^O|& 
&£$W1-&I|I3<7>@ 1 OSrEfltLfcOr^ f 1 TO 2 Of 8 , 9 &B»::© 
Jtt S^fc^JfcfcJfc^T 2 ^CTCm^^ < & (J > ^7 7 712 
®^b3&*KFJh§tt* 0 -^1^ /^'7 7 7i 2 ^iMtltL^lIWllX 

(2 ) f3<7)i 1 0 0>JP*j&*O. 5-50 nm©|ll:K$atv^O-e 
, #If 3 t:i < J; ^ 7 y 4«iL, 



thfE#2 004-3008993 



#11 2003-010168 



^-v! 21/ 



(3) ffi^&k^V ^ytGaiit<7)m<om^ir^A 1 N^J&^illcO 
m 8 £#tf^> 7712 (i N y'J 3 >M 1 cOf^T}^ iliC- fctf* 
tll)c ^ <7)*t*. y 7 r Jg 2 <0— ?j co±Wl^ G a N^^jMit 3 £ft.H 

— 7j O ±11 G a N i^ffccO T^U^v t y 7 Wfc 1 fcSHK v 

(4) A 1 NfrbtfC&m (DmS t G aNfrt>m2>n2<Dm 9 t&^tr^ 
7712 (i, t»<7)G a N^A 1 N<7)lji— Jgj&> MffJ&£ j&S^ y 7 rg^j£ 

Sr^^fli^^^^fc^i:, A7 7 7|2 1iT^7 7X|^^^^ 0 -T 

co^ H H H ^Pico^^+^^/jN$ < -t-?) - t^-e^^ u -^m^tco^^iwiti-^ 

[0 0 3 1] 

[$2 0*ifl] 

1114 ^#BSLT^2C0^»^C0ME S FET^mBJi-^>o 0 4 

o 

04OME SFETIi> 0 1 <OH EMTcO#S#f«3 nMittt 
S i V-y°^fltz G a N^WSWS^ <c>JK nf^^flit 3 a £1£&7\ 
Cico1t!ia0 1 ^ |WJ — \ l zftmLfzi><DX&& 0 H40MESFETC^t 
N v'Jny^l, ^«;77l2, y-^m«4. Kl/^>«fe5, ^-hmfe 

flit 3 a (if- * ;vSXt±^'IM £ & D?^ d h # & & co-tr^> *9 > v ~7 rm 
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a Kt-^ y?m&L, Y- b «fe 6 (± n ^#2»#flit 3 a leva y Y^^VT 
[0 0 3 2] 

0 4 <7)ME S F E TO G a N^#:fUt 3 a J^W^S^i^S^ H 1 <DmWM 
Mtm— X»$>& 0 G a N^iffvfjt 3 a ^Mt^BlCli, ;^7 7 7|2« 
Bt^«fflL^^jS^l*ItCTMG^hNH3^Xt S i H 4 (v7>) 2f*£^5 
^BIMLt, **1 O— ^c7)±M^?fM^tL^/-?y 7712 OJiM^ JJ^It) 
2 5 0 nm<DnI^ffI*3 aWt^o ^Jfe^Tii, TMGfX<?)I 
*> BP*>G a<DW^m%fc)7 0 ^mo 1 /m i n, N H 3 #^ OytmBP^ N H 3 <7) 

0 . llmol /m i n, S i H 4 2f X O^M, BP*> S i Ojftf&i^ 2 
1 n m o 1 /m i n t Lfz a 
[0 0 3 3] 

S4©MESFET(i, HI 1 OH EMT©»ii<7)iti^/; (1) (2 
) (3) fc|i»&^£^1-&o 7 rm 2 (D&mclt*® # 

af#:flit 3 a O^^&m^tt ^^<t^it, MESFET 0#ft 1" 

[0 0 3 4] 

[* 3 vmmfm] 

miRv*f&2 <Dmw$m<7y^ 77712 o#j& £ ^ t a*-? § & 0 ei 5 « 

, HEMTMME S F E T^^fflnTfl^^ 3 <DmWfm^$£*> sly 7712 
a^-l^/^to ioa5^'7 7 7i2a[±, 1 ^1 8 a hWkSOM 

2<0|9a^, f 1 O^MI t 2 ^%t^ ^^Wiffl CO p S G a N ^ 

«&iii3oJsi o zfrLT3*mzmm Lfzkofrbfc&o 

Hi Oil 8 a{i, f ll^^i^ F - 7° $ tit ^ ^ 

A 1 x I n y G ai_ x _ y N 
i x> yf±, 0< x=£ 1 % 

0^y< 1> 
x + 1 
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„ AlGaN (Sft^VfA y;V^-^A) , AlInN (Sit 
4W*jJ» T;V5^^A) , R^AlGalnN (Mlb^fV^A -f>v^A 

5^<7)x^0. 5, yj&*0. 0 1 t ^fhtzMm-^Mir^ A 1 0 .5 1 no.OlG ao.4 
9N5ill(7)l8 ai:fffl$fitv^ 0 T)P< A Sr^tfH 1 8 aOff 

5fe^tf**3S^Bciiy v n i o^T-^ifc^^»»it^#S#fI^3 

[0 0 3 5] 

H 2 Of 9 a l±&WM&5£^#M&7&* K- :/£ *LTV>fcv> 
A l a I n b Gai_ a _ b N 
a, b t±> 0s£ a< K 
0^b< 1 , 
a + 1 

WxIfG a N. A l N. I nN, I n G a N, A l G a N, A l I nNMA l 
I n G a Nri> fcS^S frfc & <D"CM& £ *t&o 0 5 O^Jfe^tf fulfil a 
tf ? 0. 0 5. b# s 0. 3 5 fc $tL7t*tfl-l*ffi^"t*A l o.05 I n 0.35G a 0 .6N 

■V y */Sp-^> F^> -y 1 C»® 8 a <£>^> K3r> * 7° <t 0 *>:*:§v> 0 

[0 0 3 6] 

^ 1 8 art* A 1 o.5 I no.OlG ao.49^ a ^A 1 0.05 I 

no.35G a 0 .6N, i3«i 1 0^pIGaN^fi^>77l2 a <0»3&;£ 

;t7 7 7i2a tt n i <o%imm t mm^&u 1 <t>±b i a jtK^js $ <, £ 

^'■;7 7l2 a(i, ^^IOMO C V DEP^f IS^Ift^ffi^gS^ i ^ t A 
1 0.5 I no.OlG a 0 .49N^ib^^f 10i8ai:plG a N#»fcJ&&£ 3 1 
0 tA 1 0.05 I n 0.35G ao.6N* 4 ^»2©19 a <h LT^ef^ £ 
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> ESSftCTMA (f^f;V7il/^^^) 2fX, TMG ( M> ^^2f 'J 
TMIn (>^f;v^>y^A) ^tNH3 (r>^-T) # 
^^2 4 WMLt, 1 <D—-jj<D£MKm-£Tli)m 5 n mBP*»jfe 5 0 
^y?7s hn-A<7)A 1 o. 5 I no.01 G ao.49N3&*?>J&£SI 1 8 a&^Jfii" £ 
0 ^Hitf^f iigfcfcl OJIOM^ 8 0 Ot^Utt:, TMA#;*0«E*BP 
*>A 1 <7M*|&*£&J 1 2/imol /m i n, TMG^^Ii* 1 2 ^ m o 1/ 
min. TMIn^^IiS;4 7/(mol/min, N H 3 #^ <DffiAW% N 
H 3 <7)#fc^i^lt)0. 23mo 1/mi ntLf: 0 

^ic, hi <DnMfmt\5\— <0 2$oGM&tfx nnm cop ig aN^^t3 

OJ1.1 0 Sr^*t*o 

1 ^JnitfflJK*' 7 5 Otf ■CTtf\ L^&f^ TMA^X, TMGf 
TMIn^X S(/NH3 (T>^-T) 8 3#K^LT. iff 3 

<7>J11 0©±I^ ff£T2^3 0 nmB|]^3 0 0*>?X fn-AOA 1 o. 05 
I no.35Gao.6N^f>jS^f 2 019 atlifl-o SiH 4 #X^|WI0# 

tcftit l r fcu^s i £2»a-t i.iHti^c ^mmfm 

Tti, TMA^^cO-^#*2. 8/imo 1/mi n, TMG if 7 COMM. & 12 
m o 1 /m i n. TM I n^O«^ 59^0 1 /m i n, NH 3 #'^?)tfiL 
*gp^NH 3 <7)|tt!&:I:£ftJ0. 2 3mo 1 /m i n t Ltz a 

#*Jfe^Jg^^ W, 1 25.^ 2 OS 8 a , 9 a fr^rti^fr 2 01, §3^110 
^3 9i^L^o IK 12^03(018 3, 10, 9a*W 

^ll:fx.^HtiJ„ * fz, m3<Dm 1 0 ^110*12 018 a, 9 

[0 0 3 7] 

El 5 com 3 com^Mco^ 77712 aiiil^il comMl&M t W\—co$)M 
£^TU ^'7 7 rl 2 a t:^f >y>) A^ftLtv^©t\ ^7 7 712 

aK<<> <"> A £ "^#> & iH^7 7 7i2 a <DfmW$3k* v V ^ >* 

tBfE# 2004-3008993 



#11 2003-010168 



[0 0 3 8] 

m 6 ^i-n 4 (DmM&Wiv^y 77i2bi^ mi sona 4 <r»*v 7712 
Lfe & <Dx*& *) , mi t m—<r> 2 ^jm^if^mmm<D pig 

A 1 x B y G a i_ x _ y N 

x. y{±, 0<x^l. 
0^y< K 
x + y^ 1 

-cfrf-r fc**-c§ 2>tt®-x« : ]&j&zti2>o m^>, m i <vm 8 b t±. AIN (fflftr 

^-^A) . A 1 G a N (S>fk5trV^A . A1BN (SflSaK 

tv»5, f l<7)18b ^^fe^^W^i^fi^ 2©l9binvij3> 
1 ic^v^ 
[0 0 3 9] 

12(7)19 bit, fSlft^»^ 7°^ tit v^5&v> 
A l a B b G ai_ a _ b N 
a, b t±, 0^a<K 
0^b< U 
a + b^ 1 
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m*-l£G aN, BN, A1N, B G a N, AlGaN, A 1 BNTO 1 BG a 
tf*0. 3 ^$^^fl-tCpj=l^i-^,B 0 .3G ao.7N**#2<^Jl 9 b K^M^fiX^ 

& o m 2 <o m 9 b (TMffim^ ^ ^smi? t^no^t ? y bp ^ * > k ^ y y^m 

1 com 8 b (D^y -7 7° J: •? ^i^o 

[0 0 4 0] 

Stl<7) (111) v>.X hW£^rr&£® 1 a-tKUSftlOMOC VDBP^ftt 
iI^»ftfei:ioTA I0.5G ao.5 N ^j£&&l<OJi 8 b tB 0 . 3 G 
a 0 .7N^<bJ^^»^2^S9 b i:^^ 3 coif 1 0 Itll LTftS-T & i 
tiotAy77l2b«t^o EP*>. v'J n>#|§ s H B c7)^l *MOC V 

^|^*1-^o ( b V ^f^7^5 -7 A) TMG 

(h^f^^'J^A) NH 3 (7>*-T) ^*^j2 7#^#fc^L-C 

, CO— ^±I{:H§Tl#ift5 nmBP^^5 0 * bn-AcOA l 0 

. 5 G ao.5N^f>^^H 1 OS 8 b &3gj£-t&o 1 OJn«ftiBLJK 

^ 1 0 8 0°Ct Lfz&fc^ TMA5trxO«£*fiP*>A 1 <7>|&&*&&12 ^mo 1 
/mi n, TMG^^lf ^12^mo 1/mi n, N H 3 2f^ OjS*fiP*> N H 3 
GDWiSm^rfo 0 . 1 lm o 1 /m i ntLfz 0 

m-, m 1 <omwMM t m—<D-%mx\ 2 ^otm^if^nnm^ piGaNH 

J&&0 3 <OS 1 0 

TEB (f'jxf ;wfn>) TMG^n J5.TfN H3 (T^-T) 

2fX£|tJ8 5#i«lt, ^3 coif 1 0cO±M^ J?$T2# S 3 0 nmiP^3 
0 0 *yt?7s b n-A(Onf^cOBo.3G ao.7N^^Si2 0i 9 b tW^t* 
o (WI0#^S i H 4 ^^«LTfMm4'CTM%^ LTCOS i *^A1" 

Sifc^iSo ^MMt?t±, TEB if 7s *BP*> # n > coftlt* 4: 7 ^ m 
o l/mi n, TMG^cO^fLlgp*,^ 1 ; £ A 16 //mo 1/mi n 

, NH3^coME»fiP^NH 3 cOjft^i^^o. 1 lm o 1/mi niL/; 0 
#Cfc, fjl2 (DM 9 b<0±KmF£3<OJg 1 0 £^jfrt* 0 
#$dfe^SK*eW\ ^lcoS8bi:^2<Oii9bi:*50e, 0 3 cOJf 1 0 £ 9 9 
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[0 0 4 1] 

HI 6 <T>rtv ~7 rS 2 b (±HI 1 7 7| 2 fcH^Jfc^&^Sr^rL, Hl^ H 2 

©19b K#n>j&*S-$*LTv>;&tf>TN 12019 b**s^n>*^t *v*»^l* 

[0 0 4 2] 

[n 5 (Dmtmm] 

@7(i$5Wtl«fV^7 7 7i2 c«r^i-o |H 7 <7V^ 7 r« 2 c t± 
. m KDpIG a N^5>^®3 0S 1 0 <Djt *) K%mMfrh$L&%i3 ^110 

JV 1 0 a&I&lt&V^ ii(fA 1 NXiiA 1 G aN^^BIl «18 fcfllx. 
lJGaN^5)jS-6»2 0i9 t <D^TU&&\Z.&3 < tV/I^CiotflO 
g 8 K»*§&£ U 2 ^fcxW^tf * * o - *U£** U ^MW&M Kt£o 
«fi^^^^f3 0«l 0 a*ill^i2Wi8, 9Bi:^ftWfc 
> $ 1 <£>Jf 8 * Rfih-t" # . 2 ^cx*^* tWIWI £ & 0 H 

1 ©Jf 8<7>M<&£R£lL1- Z>ti*><Dmz <VM 1 0 a^lfeitH-tttS i N, S i 
02, A 1 2 0 3 , Ti 2 0 3 , Zr0 2 , T a 2 O 5^ SH£JS "T £ - £0 

y r m 2 c m t>* 3 * #p x. & i6 k mmm 3 

(DM 1 0 a(Dm&*%t£ t< »±0. 5~ 5niru £ 1) ft? £ b < »i 0 . 5 ~ 2 nm 
fc-f&o 04, 111 5 RXm 6 <7)H 2 > l3M4<7}«M30i 

1 0<Z>fW^ 111 7 t|WI^lC«e^^^;^>^3^ 1 0 afcfStft&^fc**^ 

o 

[0 0 4 3] 



tBfiE# 2004-3008993 



#11 2003-010168 



^-v: 28/ 



( 1 ) 1 ^fg B B B v V ^ >&W-<D&&& v V 3>XI±S iC v V n 

( 2 ) ^ag^Hi^ 3 , 3 a CO #* £ ^mMMM tm~ir2>Zb 

(3) ^#^3, 3a^l^ GaN (Sjb^V^A) , Al InN ( 

mt^yv^^ T)v<~*?&) . AiGaN (£ft2p;?A t;i^-^a) 

. I n G a N (SftaPJ -7 A >v<? A) , &0?A 1 I n G a N (Sfttf 1 ; * 

(4) 01OHEMTi:fev»r, MttSKP*.^^® 1 1 fc^f7r*2 t 

<d m \'nFHH&m 1 3 1 iwnt^mT-^e ^i&h- * - t t & 0 

( 5 ) CfotHEMT RXfM E S F E T <DiX 9 h M«» 

3&* h 9 > v * * *Ktt * £ ^ i & o 

(6) ;ty77|2, 2 a. 2 b OiH 1 OJS 8 . 8 a, 8 b Otfc£f| 2 cog 
9, 9a. 9b±Hli#<U^777i2> 2a. 2bWf±i^fl(7) 
18, 8 a. 8btt5iWI4o Ife, $£fcH20* 9 . 9 a. 9bOt 
£lQO/f8. 8 a. 8bOtiniI#<t^)ii:^'il>o 

(7) il©«8, 8 a. 8bSlFf2 0i9^ 9 a. 9 b (i> -T^Ofl 

[01] 

•&%ffi<om 1 <7)HEMT*«EBfrW^'t _, 4 , *IKWfMia"e**o 
[0 2] 

0 1 <75HEMT<7> :: F®0~e&&o 
[0 3] 

0 1 OHEMT^^^^XflJllI^^LT^ifMS^^^o 
[0 4] 

2 (0»1<^me s f e T&^-tirr®0-e&&o 
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[05] 
[0 6] 
[0 7] 

m 5 (ommm co mm. t^yyrm s& ^-ttmrn^h^o 

2 , 2 a. 2 b 7l 

8, 8 a. 8 b fl^i 

9. 9 a. 9 b H 2 COM 
10,10a ^2, COM 
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[El 2] 




HllEJRp 2004-3008993 
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[17] 

10* 
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#M 2 0 0 3 - 0 1 0 1 6 8 ^- v : 1/E 

*t3&fiM1"&o f 3 0<7))|**0. 5~50nmht^o i3«Il 0 

[s^bi mi 
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